Land use/cover change (LUCC) is one of the main causes of global change, and it is the issues most closely related to natural and human processes, affecting the sustainable development of cities, societies and people's daily lives 1,2
. Facing the current increasingly severe problems of the population-resource-environment balance, the research on LUCC has become the frontier and a hot issue in global change 3, 4 . In 2002, LUCC research has entered into the phase of Land Project, and IGBP(International Geosphere-Biosphere Program) formulated the research emphasis and related scientific problems of Land Project 5 . The research contents have extended from the global climate change effects to the LUCC process of different scales, the driving mechanism and its influences on environmental resources [6] [7] [8] . Fu et al. thought that the driving forces of LUCC were climate change and human activities, and so its driving force index should include two types of bio-physical and socio-economical types 9 . Bakkera et al. studied the abandoned farmland problem of Lesvos island in Greek, and found the soil erosion as a driver of land-use change 10 . Zhang et al. analyzed the quantities, inner structure, types and spatial distribution features of LUCC on the Loess Plateau of east Gansu in the last fifteen years of the 20th century and discovered that the main driving forces of LUCC on the Loess Plateau of east Gansu were natural factors, economic development, population pressure, the adjustment of macro policies, and so on 11 . By selecting the elevation and slope as the index of land use change driving forces, Ye et al. found that their relationship with land use change was obvious 12 . Zou et al. studied land use change dynamics spatial patterns in an ecotone between agriculture and animal husbandry in China and analyzed its driving force; he found that the Tibetan Plateau uplift was the important driving force of climate change in the northern hemisphere of the late Cenozoic and that it had a significant effect on the eastern grassland changes of China 13 . Especially in recent years, it has become the latest trend to research the spatial change rules of LUCC and its driving force factors in different periods of time using the Erdas Imagine remote sensing (RS) and geographic information system (GIS) technologies 14, 15 . So, some significant achievements of researching the driving mechanisms based on the biophysical factors and socio-economic factors have been reported 16, 17 . In 1999, the Ecological Restoration Projects was initiated in China by restoring forest vegetation on wasteland and cropland, one of the world's most ambitious conservation set-aside programs, and the nation's largest ecological restoration project since the 1970 s 18, 19 . The ecological restoration measures mainly include the cropland afforestation, wasteland afforestation, facilitate afforestation, soil conservation tillage, construction of a terrace, comprehensive improvement on gully dam system, etc. The project has ambition to increase area of forest and grassland to 29.8 × 10 6 ha by 2013 (refer to the Annual Reports on the Development of Chinese Forestry (1999-2013) edited by State Forestry Administration, PR China). It is very important to research the land use changes and driving forces of the Ecological Restoration Projects, which can provide a scientific base for the regulation of ecological restoration measures and its beneficial quantitative evaluation. At present, there is a large amount of research on the technologies of the Ecological Restoration Projects and their benefits [20] [21] [22] . However, few studies have characterized the dynamic changes of land use patterns of the Ecological Restoration Projects based on RS and GIS in the study area. Therefore, it is difficult to accurately answer the questions of ecological restoration mechanisms. Selecting the ecological restoration area of Yimeng Mountain in Shandong Province, a typical hilly area in the northern part of China, the dynamic changes of land use patterns of the hilly ecological restoration area were quantitatively analyzed using Landsat TM RS images from 2003, 2007 and 2012, using RS and GIS technologies, and its driving force factors were discussed in the study area.
Results
Change features of land use structure. Table 1 showed that the most widespread land use type during the past 10 years in the study area was cultivated land, accounting for 38.80%-54.21% of the total land use, followed by forest land and grass land, accounting for 16.97%-31.17% and 10.58%-15.35% of the total land use, respectively. The proportion of cultivated land and unused land with respect to the total area were reduced by 28.43% and 44.32%, respectively, whereas the proportions of forest land, grass land, urban village and mining traffic land, water area and land for water facilities were increased by 83.68%, 10.75%, 21.07% and 162.74%, respectively.
Land use change rate. The land use dynamic degree (K) of all land use types in the study area were calculated using formula (1) ( Table 1) . During 2003-2007, the K value of forest land was the largest, accounting for 12.42% of the change in total land use, and it indicated that the change amplitude of forest land was the biggest, followed by those of unused land and grass land, accounting for -5.22% and -4.73% of the change in total land use, respectively; water areas and land for water facilities, urban village and mining traffic land and cultivated land changed relatively less, accounting for 3.68%, 2.36% and -2.01% of the change in total land use, respectively. During 2008-2012, the K value of water areas and land for water facilities was the highest, accounting for 24.82% of the change in total land use, and its change amplitude was the biggest, followed by grass land, unused land and cultivated land, accounting for 9.01%, -4.92% and -4.09% of the change in total land use, respectively; the change in forest land, Land use change degree. The land use degree comprehensive index (L a ) in the study was calculated using formula (2) and (3) ( Table 2) . L a is a continuous function whose value interval is between [100, 400], which reflects the land use degree. The larger L a , the higher of the land use degree. Table 2 showed that the values of L a in the study area in 2003, 2007 and 2012 were 240.47, 240.89 and 235.06, respectively, which indicated that the land use degree and development intensity in the study area was above the average level. From Table 2 Land use type transformation Feature. From Table 3 and Fig. 1A ,B, 70.76% of the mapping unit of land use types was unchanged during [2003] [2004] [2005] [2006] [2007] . The land use transfer matrix during this period happened mainly between the cultivated land, forest land and grassland; 66.5 km 2 and 22.4 km 2 of the cultivated land transferred to forest land and grassland, accounting for 73.77% and 24.84% of the total transfer area, respectively. Moreover, the unused land also transferred obviously, 5.3 km 2 and 4.4 km 2 of which have transferred into urban village and mining traffic land and forest land, respectively, accounting for 28.00% and 23.73% of the total, respectively. Water areas and land for water facilities as well as urban village and mining traffic land grew relatively less; their main sources were unused land and small amounts of cultivated land. Table 4 and Fig. 1B ,C showed that 71.47% of the mapping unit of land use types was unchanged during 2008− 2012. Similarly, during this period, the land use transfer matrix occurred mainly between the cultivated land, forest land and grassland; 66.6 km 2 and 37.1 km 2 of the cultivated land transferred into forest land and grassland, respectively, accounting for 59.16% and 32.99% of the total, respectively. The total area of the water areas and land for water facilities increased by 21.3 km 2 and mainly came from unused land and some cultivated land. The area of unused land decreased by 12.6 km 2 , which mainly transferred to forest land and water areas and land for water facilities. The area of urban village and mining traffic land increased by 2.0 km 2 , which mainly comes from unused land and some low-yield cultivated land.
Analysis of driving force factors of land use change. The calculation results of contribution rate
of each principal component showed that the cumulative contribution rate of the first(Y 1 ) and second (Y 2 ) principal component factors has exceeded 85.064% (Table 5) , so it showed the explain ability of the 9 driving force factors reached 85.064%, and meet the requirements of analysis. And the load matrix Table 6 also showed that the driving force factors of the closely related to the first (Y 1 ) principal component factor were X 4 , X 7 , X 6 , X 3 and X 9 , and their correlation coefficients were all above 0.884, which represented the degree of the land development, planting, animal husbandry and forestry development in Yimeng Mountain ecological restoration area. In addition, the correlation coefficients of X 2 and X 1 were also above 0.849, so natural factors, such as terrain slope(X 2 ) and annual precipitation(X 1 ) were also the important influencing factors of land use change.
Discussions
Driving force feature of the land use change. Land use change is a direct manifestation of human effects on the natural environment, whose development is mainly affected by natural and human factors 23 . Natural factors are fundamental to the land use distribution of the ecological environment, which include altitude, landform, gradient, slope direction, soil, vegetation, etc. 24 , and human factors which Table 6 . Load matrix of principal components. * X1 annual precipitation, X 2 terrain slop, X 3 population density, X 4 land reclamation rate, X 5 per capita cultivated land area, X 6 per capita forest and grass area, X 7 per capita amount of stock raising, X 8 per capita agricultural output value, X 9 per capita grain output.
Scientific RepoRts | 5:11038 | DOi: 10.1038/srep11038 include population, economy, system policy, technical measures, etc. 25, 26 . In our study, the results indicated that the social and economic development factors, such as land reclamation rate, per capita amount of stock raising, per capita forest and grass area, per capita grain output and population density, were the main driving force factors in the land use change of Yimeng Mountain ecological restoration area(Table 5, Table 6 ), and these driving factors represented the degree of land development, planting, animal husbandry and forestry development in the study area. Moreover, the natural factors, such as terrain slope and annual precipitation, also were the important influencing factors on the land use change. These results were similar to the results found by Wu et al. 27 .
Ecological Restoration Project significantly influence on the land use change. The above driving force factors(X 2 , X 4 , X 7 , X 6 , X 3 , X 9 ) were closely associated with the ecological restoration measures(such as the cropland afforestation, wasteland afforestation, facilitate afforestation, soil conservation tillage, construction of a terrace, comprehensive improvement on gully dam system, etc.) in Yimeng Mountain area. In 2003 (before the implementation of ecological restoration measures), cultivated land accounted for the largest proportion of the land use, accounting for 54.21% of the total, and unused land accounted for 9.86% of the total use, which together account for 64.07% of the land use. During the ten years from 2003 to 2012, the implementation of the Ecological Restoration Project brought a significant decrease in the cultivated and unused land, the proportion of which decreased by 28.43% and 44.32%, respectively, and the transformation from cultivated and unused land into ecological forest land, economic forest land and grassland was the major pattern of land use change. Therefore, the distribution and change of the cultivated and unused land mainly influenced the terrain distribution pattern of land use all over the ecological restoration area.
According to the data of Landsat TM RS images from 2003, 2007 and 2012, and the other research results 28 , The cultivated land in the study area is mainly sloped cropland of the hilly area, and the slope is relatively low on the whole. During the ten years since the implementation of the Ecological Restoration Project, the construction of a terrace and the increase in yield per unit of sloped cropland have led to more sloped cropland (cultivated land) transferring to forest land. Because the reduced sloped cropland was mainly distributed in the lower part of the sloped surface, the average slope of the cultivated land was decreased significantly and the average altitude increased in the study area.
During the ten year period, the Ecological Restoration Project, which controlled an area of 75 km 2 and an open forest planting area of 80.5 km 2 , successively developed an area of economic forest grass of 45 km 2 under high standard land preparation, which resulted in the proportion of the forest land and grass land accounting for the total area increasing by 83.68% and 10.75%, respectively (Table 1) . Moreover, the construction of the channel check dam and reservoir in the study area resulted in the proportion of the water area and land for water facilities increasing by 162.21% (Table 1) . Therefore, the implementation of the Ecological Restoration Project greatly changed the landform, slope and vegetation coverage of the study area, which played an important influence on the land use change of Yimeng Mountain ecological restoration area.
Conclusions
(1) The land use pattern in the ecological restoration area in Yimeng Mountain has changed significantly during the 10 years of this research. The cultivated land maintained the largest area, followed by forest land and grass land. Moreover, the proportion of the total area that was cultivated land and unused land decreased by 28.43% and 44.32%, respectively, whereas forest land, grass land, urban village and mining traffic land, and water area and land for water facilities increased by 83.68%, 10.75%, 21.07% and 162.74%, respectively. 
Materials and methods
The Study area and environmental conditions. The experiment was conducted in Tai'an Xintai City and Shandong Province (35°58′ -36°08′ N,117°27′ -117°33′ E), located in Yimeng Mountain of south-central Shandong Province in China (Fig. 2) , where the elevation ranges from 310 m to 413 m. This area has a typical monsoon climate and is located in a warm temperate zone with distinct seasonal changes. The mean annual precipitation is 798.4 mm, and nearly 70% of the annual precipitation falls between June and September. The average annual evaporation in this region is 1942.6 mm, and the mean annual temperature is approximately 12.0 °C. The soil type in this study is referred to as Brown soil and is similar to the American soil classification of Eutrochrepts; the average soil layer thickness is 20 cm; the soil pH is 6.5-6.9, and it shows higher soil and water loss. So improving the ecological environment management is necessary in the study area. 21, 2012 . and multispectral image resolution is 30 m, the path/row is 122 /36). In order to reduce the error of image processing, it needed to geometric correction, image sharpening and cloud removal, and drew the plaques to carry out human-computer interaction translations according to the images of hue, saturation, shape, shadow, texture, position, and size. Then, we made a comprehensive analysis and correction on the translation results using the topographic map, a geological map, a soil map, the present land utilization data and a combined GPS survey of the location. Moreover, according to the national standard of the classification of the present land use situation (GB/T 21010-2007) and the actual situation in the study area, the land use in the study area was divided into six land use types, namely cultivated land, forest land, grass land, water area and land for water facilities, urban village and mining traffic land and unused land.
Methods of the research. (1) Land use dynamic degree (K): To quantitatively describe the range and speed of LUCC, the land use dynamic degree was introduced, the equation to calculate K is as follows 31, 32 .
where K is the land use dynamic degree of a specific land use type, defined as percent land use change per year; U a and U b represent the area under a specific land use type per year, respectively; T is time in years. (Table 7) , and the expression of L a 33 .
where L a is the land use degree comprehensive index, its value interval is between [100, 400]; A i is the land use degree classification index of the i th class; C i is the land use degree classification area percentage of the i th class; and n is the land use degree classification number. By using the land use degree comprehensive index, we can obtain the land use degree change value; its expression is as follows: 35 , the driving force of the land use pattern change in the ecological restoration area of Yimeng Mountain were further divided into the following 9 factors, namely: the annual precipitation(X 1 , mm), terrain slope(X 2 , °), population density(X 3 , person/km 2 ), land reclamation rate(X 4 , %), per capita cultivated land area(X 5 , hm 2 / per capita), per capita forest and grass area(X 6 , hm 2 /per capita), per capita amount of stock raising(X 7 , kg/per capita),per capita agricultural output value(X 8 , yuan/per capita), per capita grain output(X 9 , kg/per capita)( Table 8) . And the principal component analysis method 36 was applied to help understanding land use change mechanisms linked to these factors. 
